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The specificity of a monoclonal antibody (OKT6) for 
epidermal Langerhans cells was examined by immuno-
electron microscopy. Peroxidase-labeled OKT6 bound to 
1-5% of suspended human epidermal cells, as determined 
by light microscopy. Electron microscopic examination 
of peroxidase-labeled cells revealed that all Birbeck 
granule-containing Langerhans cells bound OKT6. In 
addition, a small population of indeterminate cells, lack-
ing the Birbeck granule, was also labeled with OKT6. 
The ultrastructural studies confirm the specificity of 
OKT6 for Langerhans cells and suggest that the indeter-
minate cell represents a related cell population. 
Epidermal Langerhans cells (LC) are now considered to 
belong to the monocyte series [1] and to perform an important 
role in immunological reactions within the skin [2]. In vitro 
studies have revealed that LC are able to present antigens to 
sensitized lymphocytes and to act as stimulator cells in mixed 
lymphocyte cultures [3,4]. They are considered essential for 
allergic contact sensitization [5,6) and may be targets in allo-
geneic skin graft rejection [7). Many authors have implicated 
the LC in the pathogenesis of cutaneous T cell lymphoma 
(CTCL) on the basis of morphological studies [8) but evidence 
for their functional role in CTCL is lacking. 
LC possess a number of membrane and cytoplasmic charac-
teristics which distinguish them from other epidermal cells. LC 
are aureophilic, selectively absorbing gold [9], express readily 
identifiable surface ATPase activity [10], possess receptors for 
the Fe fragment of IgG and the split product of the third 
component of complement [11] and regularly have membrane-
associated Ia antigen [12,13]. These markers, however, do not 
allow specific and reliable differentiation of LC from other 
mononuclear cells and are therefore of limited value in the 
study of cutaneous cellular infiltrates. The immunological 
markers are expressed by other cells of the monocyte-histiocyte 
series and by some lymphocytes [14,15]. For these reasons, the 
definitive identificaton of LC rests on the electron microscopic 
demonstration of a trilaminate cytoplasmic structure, the Bir-
beck granule [16]. 
OKT6, an antibody produced in hybridoma system, reacts 
with a single antigen on the surface of normal human thymo-
cytes [17). Recently, Fithian et al [18] have shown that OKT6 
specifically binds to Ia+ dendritic cells within normal human 
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epidermis, suggesting that the antibody also recognizes Langer-
hans cells. Since OKT6 is unreactive with bone marrow cells 
and normal peripheral mononuclear cells, it might be a partic-
ularly valuable marker for LC. 
In this study, we have demonstrated tha OKT6 reacts with 
cells in the epidermis exhibiting the typical ultrastructure of 
LC and indeterminate cells. 
MATERIALS AND METHODS 
Antibodies 
The monoclonal antibodies used were produced by Ortho Pharma-
ceutical Co., Raritan, New Jersey, using hybridoma technology. Their 
production and specificities have been previously reported [17,19,20]. 
OKT6 was produced fo llowing immunization of mice with normal 
human thymocytes. It is reactive with approximately 70% (cortical) 
human thymocytes and is unreactive with normal peripheral blood 
mononuclear cells and histiocytes [17]. 
OKI was produced using B cell enriched peripheral mononuclear 
cells as the immunogen. OKI specifically recognizes a public determi-
nant on an Ia antigen and reacts with monocytes, B lymphocytes and 
LC [19]. OKT 1 was produced using normal blood T cell as the 
immunogens. It reacts with normal peripheral blood T cells [20]. 
Perox idase Conjugation 
The monoclonal antibodies were purified from ascites by column gel 
filtration using Sephacryl S200 (Pharmacia) [21]. The antibodies were 
then conjugated with horse-radish peroxidase using a modification of 
the technique of Nakane and Kawaoi [22]. Horse-radish peroxidase 
(Sigma) was oxidized using sodium meta periodate at pH 9.5. The 
purified antibody was then incubated with the peroxidase at pH 4 using 
sodium borohydride as a catalyst. Free peroxidase was removed from 
the stable conjugate by precipitation with 50% saturated ammonium 
sulphate. The conjugates were used at a concentration of 12.5 J.Lg/ ml. 
Epidermal Cell Suspension 
Single cell suspensions of epidermal cells were prepared from human 
skin removed during mammoplasty and facial cosmetic surgery, as 
previously described [23]. All human studies were performed with the 
formal approval of the Columbia University Investigational Review 
Board. 
In brief, small ellipses (10 X 2 mm) were cut from the epidermal 
surface of the skin using fine curved scissors. Care was taken to exclude 
as much dermis as possible. The ellipses were washed in versene 1:5000 
(Gibco) and· incubated for 16 hr at 4 oc with crude trypsin (Gibco) . The 
epidermis was subsequently separated from the dermis using fine 
forceps and agitated in Trypsin EDTA (Gibco) . Cell aggregates and 
debris were removed from the single cell suspension by filtration 
through a double layer of gauze, and the action of the trypsin was 
stopped by the addition of fetal bovine serum (Gibco). The cells were 
counted in a hemocytometer, and viability was assessed by trypan blue 
exclusion. The cell suspensions were used 1-2 hr after separation. 
Previous studies had revealed that the OKT6 reactive membrane 
antigens were still present following mild trypsinization [18]. Two skin 
specimens from mammoplasty and six skin specimens from facial 
cosmetic surgery were examined. 
Immunoperoxidase Reaction 
3 X 106 epidermal cells were used in each assay. The cells were 
washed in PBS, pelleted by centrifugation at 180 g for 6 min and 
resuspended in 100 J.Ll peroxidase conju~ated OKT6, OKT1 or OK!. 
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Following incubation for 1 hr at 4°C, the cells were washed 3 times in 
PBS before being fixed for 10 min in 2% glutaraldehyde in 0.1 M 
cacodylate buffer pH 7.6. After 2 additional washes (in PBS and then 
in Tris HCl buffer pH 7.2), the cells were incubated with Graham 
Karnovsky medium (0.1% 3'3 diaminobenzidine in Tris HCl containing 
0.003% hydrogen peroxide) for 15 min at room temperature [24]. 
The cells were washed 2 more times in PBS and were postfixed in 
2% osmium tetroxide for 1 hr at 4°C. The cells were then dehydrated 
in graduated alcohols, prior to being resin embedded in Epon 812 
(Polyscience) . 
Semi thin 1 iJ. sections from 2 levels in each block were counterstained 
with toluidine blue and examined by light microscopy. 400-500 cells in 
each section were counted and the percentage of labeled cells calcu-
lated. 
Thin sections from several levels in each block were counterstained 
with lead citrate and uranyl acetate and examined at 80 kv in a Siemens 
Elmiscope 101. 
RESULTS 
On light microscopic examination, positively labeled cells 
could be identified by the presence of a brown-black deposit on 
the surface of the cells. OKT6 and OKI (anti-Ia) antibodies 
each labeled 1.0-1.5% cells from breast skin and 5-7% cells in 
facial skin. Control epidermal cells incubated with OKT1 (anti-
T cell) antibody demonstrated no positively labeled cells. 
In electron micro~copy over 100 Langerhans cells were iden-
tified by the presence of the cytoplasmic Birbeck granule and 
all these cells exhibited positive specific labeling with OKT6 
and OKI. Positively labeled cells were identified by the presence 
of a continuous granular osmiophilic deposit of peroxidase 
reaction product (Fig 1) on the cytoplasmic membrane. LC 
showed a range of density of labeling with OKT6 and OKI, 
suggesting a variable expression of the membrane antigens. 
A second population of cells also showed positive specific 
labeling with both OKT6 and OKI. These cells showed the 
FIG 1. High power view of Langerhans cell . N = nucleus, (-+) 
Birbeck granule (=t) Peroxidase labeling with OKT6 (reduced from X 
24,000). 
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characteristic micromorphology of indeterminate cells [25]. The 
cells were 8-15 JLm in diameter and possessed a central nucleus. 
The nuclear contour showed considerable variation from slight 
irregularity to marked indentation. The cytoplasm contained 
numerous frlaments and mitochondria and there was a moder-
ately well-developed golgi apparatus and rough endoplasmic 
reticulum. Melanosomes and Birbeck granules are conspicuous 
in their absence. In 5 of these cells serial sections through the 
block confirmed that sparse specific organelles in the cell cy-
toplasm were not being overlooked. The cells frequently showed 
a perinuclear lucent area, which has been previously described 
in LC. The cytoplasmic membrane was usually villous. The 
presence of these cells was variable and in epidermal cell 
suspensions from one of the mammaplasty specimens no such 
cells were identified. In the other specimens, the number of 
these cells approximated that of LC. Over 50 such cells were 
identified in the grids examined and of these 80% of the cells 
stained specifically with OKT6 and OKI (Fig 2). The unlabeled 
minority of indeterminate cells may represent melanocyte pre-
cursors as has been previously suggested [25]. 
In thin sections stained with OKT1, very occasional lymphoid 
cells were observed showing specific labeling, but no LC or 
indeterminate cells showed labeling. Very occasional cells which 
could not be characterized as LC or keratinocytes on their 
micromorphology but were of similar size, also showed positive 
labeling with OKT6 and OKI. These cells may represent Lan-
gerhans cells or indeterminate cells which have become dam-
aged in processing or may represent another minor cell popu-
lation of epidermal cells which are reactive with OKT6 ~d 
OKI. Melanocytes and typical keratinocytes showed no labeling 
(Fig 3). 
DISCUSSION 
The function and ontogeny of the LC have generated consid-
erable interest over the last 2 decades. In 1959, Silvers first 
' 
FIG 2. Indeterminate cell. (-+)Peroxidase labeling with OKT6 N = 
nucleus. M = mitochondria (reduced from X 12,000). 
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Frc 3. Unlabeled melanocyte (M) and keratinocytes (h) Langer-
hans cell (L C ) specifically labeled with OKT6 (->)Peroxidase labeling 
with OKT6 (reduced from X 8,000). 
demonstrated that aureophilic dendritic cells of the epidermis 
were not of neural crest origin and were thus not related to 
melanocytes (26]. This finding was subsequently confirmed 
using ultrastructural studies (27], disproving previous sugges-
tions that the LC represented an effete melanocyte [28]. Re-
cently, Tamaki et al (28a] using transplantation and chimera 
studies have demonstrated that murine epidermal LC are de-
rived from precursor cells within the bone manow and repre-
sent a renewable population within the skin. 
Our observations concerning OKT6 reactivity of LC must be 
interpreted in that context. We have demonstrated that mature 
LC and a population of possibly related cells, the indeterminate 
cells, exhibit OKT6 reactivity. OKT6 reactive cells are not, 
however, found in normal peripheral blood or bone marrow 
(17]. The number of LC circulating in the blood at any given 
time may be sufficiently small to preclude their detection using 
indirect immunofluorescent techniques or cytofluorimetry. This 
possibility however, does not explain the absence of OKT6+ 
cells from the aspiratable normal bone marrow. The alternative 
explanation, which we favor, is that bone marrow precursors 
and circulating forms do not exhibit OKT6, but within the 
milieu of the skin are either induced to express OKT6 reactivity 
or acquire the OKT6 reactive antigen exogenously. 
It is of interest that studies of human T cell ontogeny indicate 
that the thymus can induce OKT6 reactivity in prothymocytes 
[29]. OKT6 negative prothymocytes mature within the thymus 
{possibly in response to soluble substances such as thymopoie-
tin and cell to cell contact) to become cortical thymocytes 
which are OKT6 positive. As the thymocytes mature and move 
into the medulla, they lose OKT6 reactivity prior to export to 
the periphery. Recent investigation has suggested certain func-
tional similarities between the thymus and the skin. Rubenfeld 
et al [30] have shown that epidermal cells are able to induce 
the expression of an early T cell marker, terminal deoxyribon-
ucleotidyl transferase, in a population of T cells. Safai et al 
have demonstrated elevated serum levels of a different thymic 
hormone (facteur thymique serique) in a patient with cutaneous 
T cell lymphoma and psoriasis [31]. Recent observations in our 
laboratory have revealed that a small population of epidermal 
cells are able to synthesize a thymopoietin-like substance, a nd 
that these cells are basal keratinocytes (Chu AC, Goldstein, G, 
Berger C, Edelson R: Identification of a population of epidermal 
cells producing a thymopoietin like substance, m anuscrip t in 
preparation). Data is therefore, accumulating to suggest se-
lected similarities between the thymus and epidermis. One such 
similarity may be the induction of OKT6 reactivity in specific 
stem cell populations: T cell in the thymus and Langerhans cell 
in the skin. 
It is cwTently unclear whether OKT6 reactive antigen is 
synthesized by LC or is acquired exogenously. Endogenous 
labelling studies are underway to investigate this question. 
Nevertheless, it is now established that OKT6 is a valua ble new 
marker for Langerhans cells and may facilitate in situ identifi-
cation and study of the properties of LC. 
We wish to thank Alice Bender for her help in preparing this 
manuscript. 
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